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. , An expiision §s§n§de§9f P. Bi- Meehl¥s -chservations. on:

i . nuisance variables and the ex post facto Tesearch design. - AR

. - Implications these ohtgrvdtion#ghavchgéx educational research lesign -
are discussed. Heehle (1970) qonsidexgd*gﬁatfzngqpstga resolutions .of

| problems iz "not truly dxperinpnt&l“;(lrsx;t?sgarghwxi.iu;%latching. >
Y~ partial correlation, aadganalyzis of-covari&nce) may geperate more . -~
i

|- Problems than they resolve. Three reasons he notes qig-kystblqtic L st
unpatching, unrepresentative subpopulations, and the causal- arrov_ R A
-ambiguity. It is

the firat of these tezsons to: which: the authoi -y
< devotes most of his attention. An extended statistical analysis of a coo
thetical.case involving achicyuent/nuﬁ'luq:g o the °

A

i—-hypo . A
,rfkcqnclugiona,fsnpported by -%..J. Cronbach and Kesh (1955), that 'a * - RO
» . \relationships that \\ ‘
connect it with other constructs.and with obs ables. When nuisance - L
: variables are partialled out -or. contrélled, the iélaticnships. among ¥’
- residual variables are nof “the same as the relaticiships among: the . -
oziginal»varighles, and their construct status.cannot be assused. to . ¢
" be the saae. The author suggests ‘that the aost uspful 'vay. to deal .
with the” problem of interpreting NIE research is. to.live with
nuisance variables by. incorporating.them int 'ioafls cg behavior,
arguing that, if ‘maturally occurring. characte istics. confound each
othee, it 'makes.no sense tc try: ¢o 1solata'1ndivi£na1 effects., . e
Rather, more observatiocs across time should be madd in an atteapt to
capture the interweaving of variables. (nJ2) | ¢ -
. ,

- construct derives its meaning from the network.
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A Bach year throughout North America,hhundreds of é}adunte students,
‘\ .
in educatio- are exposed to the mysteries of the design and ana;ysis of

1

educ\;ionaf experiments. Using the now classic tteatise of Campbell‘

and Stanley (1963) they learn that many of the sources of invalidity thas//

L)

cloud the investigation of tola~ionships among educaticnnl variablea,.can
&

be con§ rolled thtough the use of "True Experiments". They learn that in -
the basic true experiment, subjects are randomly assigned to groups, the

éroups are treated differentially, and qbservations arevmade to determine

the effects of the treatment. The magic potion thét contréls the -

* L4

° -

nuisance variables is réndom assigomént.

In spite of the validity of the claims made.fof the use of trué

s

,exngrimants inseducational research, by far, the bulk of educaticnal

resgarch is&?ot truly experimental. Campbell and Stanley 8 pre and quasi
experiments,, the ex post facto experiments of Chapin (1955), case studigs,
. . . r .

field studies, and clinical methods are common (but not mutually exclusive)

examples of not‘truly experimental (NTE) research’ methods. * o .

There are many reasons why NTE researchﬂfleutishes,_ 6ften people - '
»cannotrbe randomly assigned to groups for ethical reasonsg, -as for example

. . ;-
in looking at differences in visual acuity between deaf and hearing
childzen. Theée may be hdministréti&e:regsdne that ?ak; éandom assignment
}mpossible as in a study of differences in teaching styles for teéchers
in.rural and urbantscﬁoola.' Sdmetimes-ranéom ;saignment is impossible

4

becaise the indepéhdené variable siﬁply cannot be élaced under the control




‘ g e A 2.
N ?f the researché;( {As for example in a study of the effects of an
. 5 >, X ) e
.economic recession on the quality of decisions made.,b)}{. school boards.)

LR LT : r . ® T Ty :
indeed it is oftén true that.the random assignment of subjects to L e
J . |
b A\ \.
- groups producos such an artificial situation that it possesses o . QQ

. < B3

gcological valid%ty in the”Bracht\qaihGIass (1969) sense. * Occasicnally

¢ NTE. research occurs as a result of poar planning or inepticude on the

.

* * part of the reaaarchar. Regardless of the reasons for its use, one of

, ’

the 1nevitab1e prublgms of’ NTE research is the confoundtng af . .
nuisance"*variables Yith other variables. ~ , S - ~ W
Nuisance variables are vagiables that interfere with the relation~ Lo

I ’ - s
t3

ships among the principal variables under study. In the simplest-case
they inject alternate posqibilities for causal statements 1e1ating
independent and dependent variables.' Campbell an§ Stanley.e sources of .
.h iﬂternal invalidity are exaﬁplgs of nuisanée‘yarihbles,liﬁ thas they
. " provide alternate ¢xplanations for differe%ces thf&/é;e-opserveq. pther
variables are identified as nuisance vaéiablés only within the contest

_ of a particular experiment. . For ex%mple, Anderson (1971), in a study to

‘

de:grmine‘the effects of course content and teacher sex on classroom

climate, treated the variables &f class siié,-girl/boy ratio and clags
» - ' / « ’ 3

mean IQ, as nuisance variables. Wessman (1972) treated IQ, age, and

race ap nuisancé variables in a study of the effectiveness of a ®

compensatory education program.. Aiken (1972) described several studies

relating language factors to learning in mathematics. Among the

\ . 7/
nuisance variables that occurred were initisal mathematics:ability, IQ,”

and computational ability.

That the confounding of‘nusiance.variables in the relationship

. ’ . N

' between independent and dependent variables is regdrded as anaimportant:~




s . ~
\problem in educational research is well documented by the advice provided

- E ] ’ . \ o .
. " by reviewers and. integrators of reseakch in various areag. St. John g
. N
.. (1970) for example atnted "If school quality and fapily background.are .

positiﬁeiy related to the achievement of mlnority pupif; and to their s

L]

i ‘schools' racial comogsition, it is crucial to control‘them in any study.'
ég? _ " of the inéluence of ethnic composition (and school performanee% . ‘%
. L Welch (1969) after locking at several e;aluation designs for m&thematics «
s curriculum studiea, and finding a’prepondhrance of uncontrolled studies,

4 ~

suggested that analyaia‘of_covariance is ohe of the many techniques. that

. o 1
K K .

( curriculun pvaluatora can use to improve their investigations.

)
<

Kerlinger ‘

(1967) tod, noted that "The necegsity of controlling extreneous independent
. 4 l'*“
vaviables is particularly urgent in field experiments..'™ _
. ) 4 . o ‘ . . . ‘ i -
iThe:e are three procedures that have been prescribed for problems

of confodnded nuisance variables in NTE research: matching, partial
correlation, and analysis of covariance. Basically, they all attémpt to
| answer tbe same question, “if the nuisance.variables were controlled, what

) would be the relationship between the iﬁdapendent and dependent variables?

i Maehl (1970), considered, the situation and suggested that the

-

“A\

implications that it has for educational regearch,

and Anagtasio (1968).

solutions may be generatlng more problems thap they solve.

In the preaent
~—

paper ‘an attempt is made to extend Meehl's discussion, and to show the
" Some of the proolems
to be discussed have been covered in part of Elasho?f (1969). and by Evans

Problems asgociated witﬁ unreliabflity of N

out by Lord (1963)

measurement and violations of asgumptions have been”

« -

v " and Glage et al (l972),~and will not be’reiterated here,

. ©
. 1

o ¢ C A
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‘§:’ . . ) " Meshl's Analysis' :

‘,lists three reasons. ‘ T -

‘ general.- 1f graduates and drOpouta are mhtched pairwise on the basis of

L 4

hd - '~‘ X ! v
N

Heehl noted that the practice of contrblling nuisance variables .

BN
Ny

in ex poat facto experiment hagmbuch serioua defects, that it is

-

probably worthless for most scientifically interesting pntposes. He

1., Systamatic unmatching. Suppose a study were.conducted in
vhich the incomes of high achool\gradvates and dropouts are.compared. )

A
If thx.graduates have higher income it could be argued that this results

.

-

e

from di? efénces in IQ; graduates having higher IQ' a‘than htopouta in

IQ, ana a difference still exists)in‘income it might be said that,the

difference 8 not attribitable to 1Q. However, if we look carefully at
&

a dropout’ matched with a. graduaté at IQ 125, we would have to admitathat

these are 1ikely very different peOple. The dropout likely has a lower

achievement néed than the graduate -at this 1evel. Considering the match

at‘IQ 90, we would rurely admit that the graduate with an IQ of that -~

.

level han a-very high achievement need. Meehl suggests that what‘we have

- 9 '
done by gatching on lQ is to make the grgups unmatched on achievement

»

need.

2. Unrépresentative. subpopulations. When matched,groups are
formed using a nbiaance variable which is highly correlated &ith ong of

.

the variables of inrerest, what we do in effect is to identify samples

-~

from subpopulations that differ from the entire population of iﬂieresc.

For example, in studying the differences between teaching s*yles of

teachers in upper class, middle class, and lower class schools, it might

< 'é.‘:

be thought necessary to control, fer average xd-dt etudents;.size of

. NS

clasp, kinds of facilities available, %tc. The result would be that
.- .. : \ : :

- . .
.7, ‘




schools are used which are so unrepresentative’of their respective T
sccial classes, that they really amount to middle class schocls in upper A

and lndbr class,peighbourhqods. Doesg the study of suth schools have o

much to say about the relatiunship between teaching style, and kind .;"

of school in gensral? Surely, generalizations should be ccnfined to the L.

unrepresentative subpopulaticns spe;ified bz_the matching operation.: : o
3, The causal lrraw“ambiguimy. "When correction operations such ot "

as matching and partial correlation are carried out, Impiicit assumptions 7h: ' L

.

\
about the causal diraction bq;wsen the nuisance variables and the dependcnt

va
-

varisble are commonly-made. Very often in the social sciences tﬁis K

assumption ias unwsrranted. For example, in investigating the relationship . ":;l
, L

between ethnic background and intelligence, we might decide to control L

*,\

for sqcial class, under the assumption that socislrclass and ethnic origin
N X - LT e . . v .

4

are related, and that social class in some sense determines intelligence:

*

. v . [} - - .
However, if:the causal arrow connecting social clags and intelligence.--~ °
sctuallg goegs the other{way, ise., inteiligence determines social class

to some extent, then by controlling for social class, we are reducing a
A

valid relationship between ethnic origin and intelligente. . /

Although all of the defects are serious, the one of most immediate
concern-to the present paper is the first. < ) . .

,
-’ v

\ The Problem of Systematic Ummatching: 4 J
' Redefining the Independent Variable )
\ . (-]

Of the three diffigulties that Meehl agsociates with the use of

' 2
control in NTE research the most telling, and complex is the problem

In his example, Meehl descrikgg\i situation

in which matching is used, however the congsequences are no different

with systematic unmstching.

ks




when either partial-c&f&elations ox ;nalysis of cova;iance is used. 1in

- fact Bay and _Hakstiaa (1972) have éhown that.in.the cagse of two treatments,"

L) L4

v the significance test for the analysis of covariancé ls algebraically

. . equivalent to’ the significancr test for the pertial point biseriaP
* < [N
. g correlation, 1. e. the ‘correlation between the treatment (expreesed as

1 0) and the dependent variable with the control variable partialled out.

. s With this in nind, it is easiest to look ats the problem from the aimple

‘vantage .point of the.yerti cortelation. .
. 1

.

To understand what happens when we partial the effeets of a . 1

-

- variable aut of the relationship between two other variables, we must

: realize that the partial correlstion is mefely the correlation between

- two residuals. Suppose that X, and X, are two variables of interest,

1 2
4 - I . .
.- X;is a nuisance variable. Using simple regression techniques, we could .
3 , . ) . R . — .
. predict ?1 from X, from X, as follows: ) )

, N X =byz¥yta - , <

. . .
., <, ) . . -
x2 b23 X3 +c . . -

« ., ) -

 If Ry = X; ~ X, and R, = X, - X, then the correlation between R, and. :
R, is known as tﬁe pattial correlation, and is symbolizeé Ty 3*3nd .
N ) ? . - e J
>~ . is equal to: <, -
h - r ! ) . . b
. 12~ F13 23 . \ '

T asgpasdy - ,

t
and we are eliminating X3 in this algebrafc eense.

A second kind of correlation, that is of interest here, is ‘the
part correlation. If ve had a variable X,, and correlated it with R, -

. then the result would be a part cerrelation. (It is the correlation

Ay

4 ¥
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§
l
;

%

- between variable 4 and that part of variable i\-which is uncorrelated .

_with variable 3.) The expression for a pin:é: cgrrala?;i_’c_m is shown below.

" 1

~ — . ) Y l,
_F14 " T13 T34 . - _
R TS () :
T > 1-r: ‘ ' . :
; 13
. . . \ = . ) .
\ g v ! - \

It is Meshl's argument that when"yc;u calculate a pattial\ .
correlation ?uet:ygen two vntial:les of interest, you t:end to ﬁke (1 3) 4
T gteatet than t 14 Te. you’ increase the relationshi;: bet:ween the

. independent variable, an; gome - outside variable. This cgn be illust:}atedl'

k]

by suppiying some ficticious but plausible values to the f‘elit‘_ionships

* ‘smong the varidbles used by Maehl. . SN
: : 1. 2 3

> | "1, Amount of Scyéo'ling 00 70 \.60 ' :
| --»w- ' 2. Incomk’ S o doo.. S0 oo
; i o 3. Intelligence . =~ | : ' . ‘1.00_\ .
" 1In the study, we would have noticed that amoq,*; °f.,°chbo ling and ‘incoma \ ';'
-\' I.mve a fairly -high correlation ;>£ ".7/ but 1if we partial out ghe effects ‘\‘.»&

. ~ 1 - . N ) >,
of int:elligence, the partial cot:elat:ion r (12 3) .628. This indi?:at:ea '
* /
that: even with™ intell igence pm:t:ialed ouﬁ there is st:lll a,subst;antial

»

cortelation between amount of schoolin_g and income. . CT

>

Now suppoSe that we construct some. plausible values for

achievement need that refle_i:i: the effect of Meehl's example. R :

b - )

4 N N

.  Amount of Schgolipg _Incomé Intelligence.

Achievedent Need . 140 . .40 00" .

. .
- . . ~
-

Notice that the_cortela.ﬁién between the amount of schooling anvd/ ’

achisvement .need is a modest .40. If we lock at the'part correlation v

“hetween. achievement need and amoun/t:gf schooling with intelligence |

'o. R N . - -
~— e

. s .

. 1 . " 9 ’ ,‘.‘ —
\)4 . . ’ 0 - . -




{®

the smaller . 1 -~ r§3 will be. Thus the denominator of the expreasion -
& i . A ]

'the~inf1uence of some other variable. In this-example, the correlation

we can see why thia should be:’

partialed out, ve find that the correlation is .50. Meehl arguea that .-q_v‘
when you control for th effects ‘of a uuiaance ya'iable, you- cdn increase 3

e ‘& A ““3‘

[ Y

a ’

iuvolving achievement need changed from 4 to .S. Diaregardlng the :

insignificant (in a 3cientific aense) size of this change, ve would
argue that what happena vhen partial correlations are calculated 'ia .that*
the variables o{ interest are tranafor;ed into aew variables, i.e.,éthe

X's are changed into X - X, and %her;ae.tae old variable‘i.might have been .
relatively unrelated tp aoae outsida variagle the new variable R, can

4

v

have quite a aubatautial relatioaship with the outside variaﬁle. In

- EN

old variable "Amount -of Schooling .

%

if we/consider “the formula for part correlationa (equation 2),
« N .. S, -

* -

)

-Variable 1 &s one of the variablea of interest. (perhaps the

. - P

\
iadepen&ent variable) Variable 2 ig the, other variable.of 1ntereat.

6hriable 3 is the nuisance vaLiable or 9ontrol variable that is -
] P
I ¢ . L4

identified by ‘the inveatigator for control. )

i

Variable 4 is an outside va;iable that is not conaidered in

Kd

the experiment. . - -

r

,
-

4

‘ Now, 13 is\likely to be a pretty healthy correlablon, since it is
a nuisance variable of aufficient degree to have attracted: attention. o '

The.expreaaion l - r13, will be less than one, and the larger r13 is,

for the part correlation vill have the effsct of "magnifying" the
\

numerator. In Meehl'e example, the value of r34 was zero, and the effect .
\
of pattialing out, intelligence was to increase the correlation between

S A o
. "’. _11 ' o

e )




“t >

/ the fndop.ndent"vuiabh add the o.étside ;variable from 4’ to .5. I ;':
g

N might: b‘ argued, thlt any out:ide varinble t:hat: is correlated as much as .

-~ t

NI o4 with tha indspendmt yariablc, would it;ulf be identified as a 7 :

[T,

- —— . J—
,

zmiuucc “variable and steps ould be tak;n te- contxol for it. On the

t'y . other hand, if thé correlat:ion betwean- the ’ba.%side varfable and tb\ L

f

contxol variabla is nur zZero, and the corraittion-betwcen the 1ndepandent .S

- >
v -~ . R =

varidble ami t:ha outside var:lable is near zero, then of couru thgre 18 s S

| . L by

no problcn, bacaue the numerator of the exprusiou fia zero, and no . ,’.j o .
C amount of magnificaticn by.__ .v.°~ ria ‘can, change t:hat‘. : . .' - . : -c
) ) * The um:e sertous problm arises wben ry. is ve:y near zego. gnd , "’0;

. - s s

‘ bt , -3 .
ry, 18 mx&niﬁed by - L e P A
g ’ - N N D o U
) ? 'J ' N S rla . \ . o T~ ‘ . h;

: - : A 13 . A | ."’ﬂ »,

A \ | 1 - 5

v When r 14 is near zero, :Lt: will almoat surely he oyerlooked 1n tne :hemfy

t:hat binde variables 1, 2.and 3, Of couree, 1/5/ Zq), is very law:ge, than

- - "

A AY

variable &, will be dragged to Lar attention on the coattails of

‘ " i "variable 3. Th; ares 1-n q:‘?estian occurs when r14 1ies i: the ‘ifxterval -
o ~2 + .24and 234 is fairly small say leas than o in absolute value.“"—
. i ) Consider the follwing hyﬂot:hetical exémple ot} a curc*culum ” -
s . '_ Waluatio;i situation 1n which there are two cqmpet:ing curricula. - "l‘h? :
correlat:iona aze . - " St
e . . . L N - -
J - . éurriculum {A and B) 1 00 L * \\ .
j/ Y kchievement’ . .80 1.0& " s 5
' _ Inteiligence . . (50 60 1.00 '

) " : “ Anount of Teachet . o,
. : . Assistance: \ .20 .20 ~40"  1.00

. x - ~

h.,'




[ : n- “. A , ) . ' " “, ‘ .' - vlo. ‘.\z,.:“' ,.
+ N ’, *\ N vLw

. the correlats.{cuf wit:h the treatment var:laba.e are point b:lserials. 'rhere v,

- i t.

s

. - is an eppatey differepce between t/he grouys on i"ntelligence, eo au ﬁ

analysie of verd.ence is suggested This :ls the sare as cclculat:lng

/‘ the partial point bie\crial correlet:lon betveen treatment ‘gnd achievement , o

o . with :lntell:lgence partinled ,out, .After plugging the values 1nto t:he ‘

o fqrmula T14.3 ,72, so it :ls concluded that even vith”intelligenee
L[] g R e s an n

T & . pnrtiellpd out there is a trectmeut effect. But if we 1cok at what“

T e e v

habp%e to The reletionship witli amount of teacher ascistaﬂce, we find o o 2;
’ that strange things ‘héve happened. In most cldaeroome it is probably true
o thlt there :ls a.small but negative correletiou betweﬂ anfoﬁnt of -

" aesistance given and intelligence. Less intellig‘eat students need and =ger.

"4\ P -y — ."' ,

1

L. . that {n’ thie cage, the teacher ,iu the treatment :I.ch had higher ' i

/
. 4

achievement tepded to give more help than the cther\&\eacher. The part

X - ,dnrrelation between treatm@:- with infell:lgence ?artialled out and

g mount of teacher eesietance turns out to be .46. By partfall:lng out |

s ’

\, I

e & l,iqtclligeuc:e, we have naneged to increase the relationship between o

* \ \ . . . , L
¢t > treatment and amount of teacher assiatance fg .2ﬂto »46. \ - & .

n - ) In a séhse vhat we have done is to«redef:lne the trehtm\enyvar ble

to be "’rmetment with Igtell:lgence Partie:&led Out", and instea& of
As hY

. clarifyingkthe"?:elationghip b?tween traetment and achievement, \we have N

v . cohfused’ the 1ssue beceuse we have incrgased. the cox_zfounding influence N
: . . R . ,y - - - M

’

of "Amount of T}ech‘er Assistence'. ' . ! Y -

'

Y

-

~

It miéht be ‘suggé’ated thaf:“the thetical exemple.isifixed" / S 'l“;,;'-

-0 paint the picture as derkly as poca bie, eud thie is true. Let us try

\\

t9 dererxnine the conditions" \mder wﬁ(zchﬂwe should be a;larmed. For

[
9 -

.. Teagons stated/ear,lier, the problem geems to °°°‘ff when x! (1.3)4 becomes

- ~
greater than .}in ebm;lut:e value, and when 1:14 18 iecs *than 2 dn

/,
. T

@
. - !
l~; h -
N 4 . 2 I
: - . .- ’ - . N
o0 MPEENE
ez Sl ;s
< \ .
- M . - <

e
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c .

variable and the outside variable have no orrelation. Here we can see~ *

the ‘covariate. This kind of situation is dearined to grey t:he head of.

‘rhe most placid ruea;cher. . R

nbao;ure value, aud when ral’ ia leas thm 4 in absolute ‘value. ’rbese

. * ‘

Y :
conditions insure that the out:side vatiab].e will not: be -cpnaidered an

appropriate candidite Sor control and itf will. nor be puiled

coatrails of the covat/iat:e.

JIfw {Iot r (1.3) 4 against ’:34

: / - ~.j .
values of- ry3 and rW&n b :ln to see vhere t:he 4ﬂanger liee.

in Figure 1, the shaded araa is'tl e area of danger.; 'l.‘he leff./ hand : ,h:/ SR

figure shows various plots for r],l; - 0,.\t:hat ﬁé where the independent

.
s _‘4

\ f)

- 4 E)

i ‘ T
In educational reaearch ,the ¢ kinds of correlations don't happen vem;y

’ . s® e

much. For curriculum eyaluation, it geems inconceivable t:hat we woﬁld . o
’ - R B - . , RRR
sale(Z,t m _gxbuéa fo compay‘isop if' tbey differ[ed by gso much on a X 1
nuisance variable. ’ ’ T, N g
Y ~, L . - _ ~ A ‘\ B .

.  FIGURE.l About Here ‘ I
: SO S N

On the xight side various 1ines are p“lotied\'for Ty 2.0

+

(Taking the x axis as-&n axis of {symet:ry, t:he mirror image would result

for T " :-.2). In this instante, some plausible situations occut. If
AN s -
14 is as small as A in absplute. vaIue, we: can booat: ‘:he correlations

3 kS *

bet:ween the outside variable and. rhe indopendent variable from .2 to .4,

making the groups as different: on-the outaide variable as they were on
- - s N

) . . « o
- b4

[
-~
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s ) - . Some Side Issues q

- . R =

o \ In pasaing one might aek if the use of analysia of covarfauce to.

T improve powet in a true experimeat—hcs—tﬁﬁ~effect of ptoducing a
‘systematic difference ;n randomly equivalent groups. JThe answer is no

o } " as can be seen in té%‘two grerp case. » ) o N

Let x be the treatmént variable scored”l, 0, and i be the dependentj

- -

variable for example, achievement and Z be the covariate, IQ, and W be

. ,' ! -

an outside vatiable iike motivatioh.‘ Ovef the long run, ‘the expected ,w”ﬁ

"N »  value of L is zero because people-are randomly assigned to groupa, and

L3 - -~

° . the covarilate is measured before the treatment, Thua, ) Ce .
Q" - . . \ - .l p_ . . N
. , \ ) e .

.

. v yz ! G

. and so the power is increasedr But what happens to the partial R

-t - a

cotrelatiod‘p;w ? To*%egin with because of the random asslgnmeut of I

1

S . people to groups, should be ze!!’}d>the long rdn. ’That being/the ; .

case, the partial correlat ion turns out to be : g : 3¥

0-0xr . B -

. ’ Coneequently, in the true experimental case, there iz no expected

e

-

Yq.'/,..-\ :" . o7

mismatch on the outside variable arising from the ‘use of a control

va,.iable. \ . - - N I € -

1

- i < iu also 6f interest to. see 1f the problems that arise in NTE

) .-

designs and the use of analyais of covariance also arises in the ugse of.

. . =,
<L .
; ;

S0 . analysis of yariance in the NTE design.- For example, suppoae,there is a o
. . !

two curriculum study, in which groups are not randomly aseigned to

:
{

I . .

{ :
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) anslysis of vsriance. We cna do this in two ways. . In the first way, -

since the analysis 18 no different in principle than using analysis of
'covariance with IQ levelr and IQ bv tfeatment interaction as: covariates.

g And since IQ and treatment are correlated, the correction ceuld séxve to Y

because of the possible ralationship to the dependent ﬁariable, and ’ .

to problems that are raiged, Complexity'of analytical methods hag

5 e . .l 4
- . Al PR g N )
. e, . . -F,

e = . e S e e e e e e —

F = Rt =T = = ¥ - e e T e T S T e L St e e etz

" e

h . T - n N - . t o~

R —_— _‘-13.

)

tg:athnts. 1f 'we think that intelligence has a possible effect, we -

might | try to control it by using it¥as a factor in a treatment by IQ & 0 T

l

.

we might di}hotomize (or use any nuaber. of levels) IQ by cutting below

; B P S
3T

and aboVe 110, If IQ is a reasonable cause for the observed difference

L

ih>the dependent variable, (at this rather gross level), chen we will S

find that there are disproportionate numbers in the cells: of the two

» . A

way design. If we anelysc,the data/ueing least squares procedures for

e
L T

St R, (g

the unequal n .ANCVA, then the problems described earlier will occur,

-

increase the correlation between the "adjusted" treatment variable and
some outside variable. . .

Ay
If on the other nand,,after we make out groups on 1Q, we ¢

randomly throw out subjects to make the cel sizes equal, then we mské

‘(_" -

the correlation between the independent variable and the nuisance

variables zero! So that r(l 34 = T14° " The same situation holds .true

in any two-way design in which we have equal cell_sises, and subjects not

agsigned at .random. °

Of course in most two factor NIE designs, the factors are chosen*

' v
v . 3 ”

. . - {.

not because of their relationship to each other. - . . -
- \ ) ' d ~ ,‘ '
T ) (RN \/
i ) ] s Discussion \\j

_ ‘ ° ‘ f
@ In the past, design experts have been able to supply pat remedies
~ )'-

- . N
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usually outstriped advances in design methodology, and so new procedures

¢ould ‘be prescribed to overcome the inadequacies of the old cnes. In

. - . .
- the.present circumstances, however, the problems are not so easily

solved.: Atcording to Crbnbach and Meehl (1955) a construct detrives its

meaning’from the networ? of relationships that connect it with other
. : i |

constructs and with obseryables. When we partial out, or control the

effects of nuisance variables we change the nomological network in which

the variables of interest are embedded. Or, put another way, the - 1

relationships among reaidual variables are siz

relationahips among tha driginal va%iables. We cannot interpret the

residual variables as if they had‘the same construct status as the

r -

original variables. A ¢
Meehl notes, when we try to.iuvestigate the relationship

between naturally occurring characteristics by controlling for some

- o

nuisance variable, we are almost inevitably lead to the assertion of .a

eounterfactual conditional statement as: If dropouts and graduates had

the smae IQ, they would earn different salariea. Traditionally,

.

-

\researchers have actad as though the counterfactual piemis (if dropouts
and graduates had the same IQ) could be true in isolation :r;;\a§%&other

variablses. We have seen that this is not true. When we correct %ﬁg

I1Q we change the outside relationships.' Additionally, Meehl argues

that the implicit assumption does mot make common sense.

which dropouts and graé tes have the same IQ may have such oifferent

sociologiEEI‘EEEKEEi;;ZBZperating that the dpnamics underlying income,
© I1Q and schooling would be radically different.

Perhaps the most useful way to déeal with the problem of

‘2

interpreting NTE regearchk is to live with the nuisance/yariables by

.
17 ' .'
d7 , .
, 4
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&, Lo RS
incorporati'ng them :lnt:o out models of ?bhavior. By doiug this, we o R

construct models to fit: the world, rathet thap coust:ructin& worlds t:o fit

our modela. In classxgbm rcsearch and evaluat:iou, :lf naturally 43
R . a‘-,\ - N ) ‘e
. - T
occurring characterietics confcund’ each othet, it does not make aenae .on, { 5
- a , . '\\:v_'
eit:her scient:if:{c or p}:agmatic grounds to try to iaolate individqal Uy
s R o 7
X effects. The nature of the domain in which we wrk ‘is complex and « \A\
- . ¥ ’ PR
interactive. Our models and procedures must reflect t'nis. . "‘oo often we el
A Al ’ o e ' -;4
’ . - \ S
" have tried to overcome simplistic qbservat:l_.on with complex gnalyses. It: T N
K _._makes more sgnse to take mo.te observations across time in an‘attempt to ) i
: capture txnt:emeavingo of vatiables~ At the present stage of .. * ‘ *
sophistication, reliable descript:l\sgn of changing relationships wﬂl lead .
>t us fqrt:t}er than touche:}—up cross-sectional snapshots.” ! A . - _. N ”
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. Figure 1(a): Plot of r(1.3)4 VS, Tq, for ru = 0 ~ Figure 1(b): lPlotnof T(1.3)4 V8 T3y for T, ./2f o
\ * FIGURE 1 - .
T correlation between independent Variable with
' * ’4 covarjate partialled out, and out:glde variable - -
' Ce L Co . R o N
f S ry, ' - correlation between covariate and outside variable
\‘» . ks / ” . - A . " . - “
1 9 r13f : 'cor\rgl\ation between independent variable and covariate i L
B , Ty P cortelat:ioifﬁetween independunt variable and outside.variable ‘

- - v
PR .

.. .

’ . . * ' . - ~ . \ . .

. - R - < . .

- E lC . N : K o ' 20 ! )

. . . ; - . A - . )
RO .. ooy e . - . ‘ s -t
BN . . - . - . [ . .t
- N - , . i . . N KR . R . . -




3

CRONBACH,

L ELASHOFF,

: 3

-« EVANS, S.

[LORD’ Ft M.

Y

- -1971, 8,-649-663.- -

BAY, K. S. and HAKSTIAN, A. R.

- ' BRACHT, G. H, aud GLASS, G. V.
American Educaticnal Research Journal, 1969, 5, 437—474.

CAMPBELL, D/ T. aud STANLEY, J. c. /

# CHAPIN, F. §,
L. J. and Machl, P. E.
3. D.
H. and ANASTASIO, E. J.

GLASS, G. V., PECKHAM, P: D. and SAUNDERS, 3. R.

. 1972, 42, 237-288. -

N - &
\ . -

AIKEN, L. R. Language factors in learning mathematics. Review of
Educational Research 1972, 42, 359. . C e L
» R L. R / ’
'ﬁ ANDERSON, G. Effects of courgp content and teachet sex on the sociai

climate of learning: Ametican Educational Research Journal;

7L_~v~n-~-<~hﬂ
S .
Note on the equivalunce of the = - .
significance t .3t of the partigl point-bigerial correlation
and the cne~factor analysis- of covariance ‘for two treatment
gr ups.

v

The external validity of experimenta. .

3
3 — . . A
erimental and: uasi- etimental
deésigng for research. Ghicago., Raid McNally 1966 (Also
appears ad Chapter 5, Expatimantal ahdd, quasiuexperimental N
degigns for research on teaching in Fage, N. L,- Handbook of
Research on Teaching,/Chi/ggo' Kand: McNally, 1963)

he

Egpetimental designs i sociol_gical résearchs
Harpet, 1955+ ! e

Ney‘Yotk:

v 4
e

’ , \ o
Consttuqt validity in peychological

tests. . quchological Bulletin, 1955 52 281r302.

4 . )
Analysis of covariance a Qelicate instrumeut.~~\ )
American Educational Regéarch Journal, 1969, 6, 383-401.

6

'Mi,use of analysis of sovariance when

treatment“nffect and coviriate are confounded. Psychological
Builetin, 1968, 69, 225-234 ‘ o o« .

toPmeet assumptions urderlying the fixed effects analysis of
vatiance and coveriance. Raviaw of Educationa. Research,

> NI
\ . ] i o

s e

¥ERLINGER, F. N. Foundations of'Bahavior;i\gesearcb; ,New'Yotkzr Holt,
’ Rinehart and Winston, 1967. - ‘. :

Large sample covariaace analysis when the control variable,

is fallible. Journal of the American Statistical'Association,
. 1969, 55, 307-321.._ .

a,(‘, . L s -

s v
s ..

21

Multivariate Behavioral Rhaeatch, 1972, 3, 391-396._ -

Consequences~of failute ’

N s : . N R
A = =
~ : N -
. _ REFERENCES ' e

.u1|k )




- [

MEEHL, P. E. Nuimncc variables and tha ‘ex post factro design dn . .
in Midnesota Studies in the Philosophy of ‘Sciehce, . 1‘
Volume IV, 1870, 373-402. - T SR
ST. JOHN, N. ‘liéseéiogation and miuority'grbub x;erfomanqe; Review T~ e |
of Educatiodal Reseéarch, 1970, 40, 111-134. - - L
. . i . - ] s
- . WELCH, W. Curricu],um evaluation. R’eview of Educational Research, 1969, -
39, 429-443. , b _ . S
B ' ,‘ . - }a . - . . o S
WESSMAN, A. Sch,olascic and psychological e.ffeqt:s of a:compensatory -
v . education program for disadvantaged high school students:. . < s
Projéct ABC, Ametican Educational’ Research Journal, 3:972, ‘9, C Tl
] . 361—372 R j gt
B ’, N ) 3
- ) ’ '. L 3
* R ! » LIS Py . ! @ ¢
. * A - / )
o . . iy
’ f . Y,‘ - .
- : v \. . . %
! ’ " d . ‘ ‘ A "
'\’ .
.t - ’ -
. 2 - //~"‘§ "~‘_"’\
& , » =R ’
— 11'\.' » L
£ ) - BN .
-~ ‘ { 3
; -
! ) | * : Ll v
( c - ’ . ‘
- = - 22 1S ’:;‘Q‘ } d
N ) ) /,: .'- i ; . , s
! . ‘ 0 L & 3, - . B ,J b ‘t‘




